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INTRODUCTION 
For home gardens in all the United States, the everbearing 
strawberry is one of the most popular fruits grown. New improved 
everbearing cultivars have appeared and will continue to appear in the 
near future, although up to now none of them are considered to be 
suitable for commercial planting . 
Strawberry cultivars are notable for their adaptation to specific 
environments in relation to temperature, length of chilling, moisture, 
soil type, photoperiod and cultural practices applied to them. Some 
cultivars have a wide zone of adaptation so they are more likely to grow 
well in different environments, better than cultivars with a narrow zone 
of adaptation. Cultivars tested in an environment similar to their 
place of origin, or far from it, can reflect a wide or narrow 
adaptation. This is the result of the interaction that exists between a 
specific genotype and environment (45, 58). 
It is recognized that cultivar performance varies from place to 
place and from year to year. In field trials, allowance is made for 
this by growing standard cultivars as a basis of comparison when 
assessing new introductions or selections (58) . 
The purpose of this study is to evaluate the performance of several 
everbearing strawberries, including standard cultivars, new day-neutral 
cultivars and some selections, under the environmental conditions of 
central Iowa. Also, a comparison is made between two different cultural 
regimes . 
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Three major aspects on these everbearing cultivars are analyzed in 
this study: 1) vegetative performance, including vigor and runner 
production; 2) yield performance; and 3) quality characteristics of the 
fruits. 
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LITERATURE REVIEW 
Origin and Genetics of Everbearers 
It is estimated that strawberry species have existed for 50 million 
years, but only after the 14th century A.D. were strawberries collected 
from the wild and grown in gardens (40). 
The everbearing habit is inherent in Fragaria vesca semperflorens, 
a diploid species (2n=14) native to Europe (15, 42), introduced in the 
mid-1700s. This species is a mutant of the European wood strawberry or 
Alpine, F. vesca. In North America, no such character was fully 
inherent to native species (15). Around 1800, it was found that the 
beach strawberry of the California seacost F. chi/oensis, an octoploid 
species (2n=56), expressed in various degrees the everbearing 
characters. Outstanding varieties were created having this species as a 
parent. Around 1850 "the Californian" seed, later known as F. Iucida, 
was sent to Belgium and France, and soon it was recognized in all Europe 
that this trait had the everbearing characters (57). A new race of 
everbearing, large-fruited strawberries was developed with the first 
cultivar created, 'Perpetual Ananas' (15, 57). 
The everbearing character also is shown to various degrees in other 
wild octoploids, i.e. F. virginiana and F. ova/is (15). It has been 
recently introduced in the market a new trait, the day-neutral 
cultivars. These are third generation derivatives from a male of F. 
virginiana g/auca = F . ova/is (2n=56), plant collected on the Big 
Cottonwood Canyon in the Wasatch mountains, near Salt Lake City, Utah. 
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The backcrosses were made with California short-day cultivars (7). The 
everbearing and day-neutral cultivars of today are Fragaria x ananassa 
Ouch., octoploid hybrid species derived mainly from F. chi/oensis and F. 
virginiana traits (40). 
The inheritance of the everbearing characteristic in the modern 
cultivars has been controversial and long studied. In F. vesca clones, 
the everbearing habit was determined by a single recessive gene. In 
polyploid clones, the hypothesis is that it is governed by two dominant 
complementary genes or by both dominant and recessive genes (42). The 
day-neutral trait is handled as a simple dominant (5). 
Everbearing Characteristics 
Runnering and -flowering 
It is well-known that everbearing strawberries produce fruits for a 
long time; most of the times through spring, summer and fall. Also, it 
is said that everbearers produce few runners (54). But in fact, 
cultivars differ greatly in the amount of fruit and runners produced and 
in their production periods throughout the seasons. 
Different cultivars . may have different patterns of structural 
development and, within the same cultivar, this pattern may vary 
seasonally. The first growth stage of a strawberry plant consists of a 
slight elongation of the stem and the appearance of new leaves . Buds in 
the leaf axil can develop into any of three types of structures: 
• secondary crown or branch crowns, 
• runner or stolon, 
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• inflorescence, flower truss or cluster. 
Everbearers have the characteristic of producing inflorescences when the 
plant is a few weeks old, even before runners appear. Any of these 
structures may be produced at a given time, depending on the genetic 
constitution of the cultivar and on the environmental conditions 
influencing the plant. Intermediate forms also can be produced (12, 14, 
53). But in general in everbearing strawberries, fruit buds appear more 
frequently than runners, even on runner plants that have not rooted yet 
(14, 54). 
Plants of the F. vesca semperflorens species are of two types: 
those that produce runners in summer, and those that do not produce them 
at all and are propagated by dividing the plants into its many branch 
crowns. This type forms large plants with larger berries than the 
runnered type (15). 
In octoploid everbearers, the pattern of flower and runner 
production is extremely variable because of the many genes involved, the 
different degree of everbearing habit inheritance and the different 
environmental conditions under which they grow (15). 
Studies by Waldo (54) showed that most runners in everbearing 
cultivars were produced during the longest days in summer, but an 
increased number of runners could be produced if flowers and runners are 
removed. He also showed that when flowers are removed throughout the 
summer, many more flowers and much larger berries are produced than when 
they are allowed to mature. The period of almost no flower production 
occurs following the removal of the first spring blossoms . Dennis and 
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Bennett (21) found there was no effect of deflowering on runner 
development, but that it markedly increased the number of 
inflorescences. They also found that fruiting competed not with the 
initiation of runners, but with the establishment of runner plants 
and/or with the development of runners by these daughter plants. 
Another study (32) has shown that fruiting has a marked retarding 
effect on plant growth, including runner production, and this effect is 
inhibitory, not competitive. Although studies by Kender et al. (34) 
suggested the opposite, that there exists a competition between the 
vegetative and reproductive processes regulated by endogenous hormones. 
Runner development correlates with the appearance of new leaves, size 
and vigor of the plant, but not with flowering (14). 
In the Northern part of the U.S., everbearing strawberry plants 
fruit from summer until the freezing weather occurs in fall. Generally, 
the differentiation of fruit buds occurs throughout the summer, but it 
seems to be a break in the continuous production of fruit between crops 
due to a break in the continuity of fruit bud differentiation. Runner 
production is high in these breaks, but gradually becomes less with 
fruit production increasing as the season advances (53). 
The day-neutral cultivars can be programmed to produce fruit 
approximately 3 months after planting, even during winter in the 
Southern states, if favorable climatic conditions prevail (7). 
In the U.S.S.R., Volkova (52) found that everbearing strawberry 
cultivars showed high branching energy, extreme intensity of the 
reproductive process which promoted their high productivity and good 
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yield, even from the plants of the first year. 
Hormonal regulation in the growth of everbearing strawberries has 
been explored (21, 34). It is said that gibberellins inhibit flower 
formation and stimulate runner production, so that GA may be of use to 
the commercial nurseryman to increase the number of runners in 
everbearers with shy runner production. Studies with this and other 
hormones, i.e. ABA and cytokinins, have shown that these hormones do not 
act alone, but rather, there is an optimum balance among them which 
favors the reproductive or vegetative activities in the plant. 
The most desirable cultivars may produce a large number of flower 
buds for a long period of time, and yet have enough vigor to produce 
sufficient numbers of runners for propagation (15). 
Environmental influences 
The modern strawberry is a highly variable octoploid hybrid that 
can be grown under extremely different conditions. Depending on its 
specific genotype, strawberry plants can be found from irrigated desert 
to areas with high rainfall; from sea level to very high elevations; 
from cold to semi-tropical areas; under the continuous light of summer 
in the Arctic to the twelve-hour day at the equator (15); under very 
different microclimates, and under varied management systems. 
The most important environmental factors affecting the growth of 
everbearers are: light intensity and quality, temperature and moisture 
(34). Some authors also consider daylength as an important factor 
affecting the behavior of everbearers, although the day-neutral 
cultivars, as the name indicates, and F. vesca semper{lorens species, 
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may not be influenced by photoperiod. Cultivars may have a very 
specific or relatively broad daylength-temperature complex at which they 
succeed best (15). Cultivars in the Midwest respond to long days and 
higher temperatures by initiating fruit buds (16). They also can 
initiate runners and branch crowns under long days. Under favorable 
conditions, they can differentiate fruit buds, branch crowns and runners 
at the same time (12, 53). 
The seasonal variations in fruit and runner production and general 
behavior of everbearing strawberries has been demonstrated to be 
governed by the synthesis of individual hormones triggered by a specific 
combination of environmental factors (22, 34, 44). 
Cultivated strawberries have not been developed for all temperature 
extremes in which wild types are found. There exists an enormous 
difference in hardiness among cultivars. Some are extremely susceptible 
to freezing and others can tolerate very low temperatures even without 
snow cover (15). Flowers of short-day cultivars are said to be injured 
at -2° C (4, 15), but flowers of everbearing cultivars are more frost 
resistant, or they have the ability to acclimate during the fall bloom 
period (4). Cool fall temperatures trigger the onset of dormancy in 
northern growing areas; still, the plants will resume growth when 
transferred to an area with suitable growing temperatures (12). The 
growth patterns of these plants vary depending on the amount of chilling 
that they had experienced (12, 21). 
The number of runners produced by strawberry plants is dependent on 
temperature . Studies by Smeets (50) have shown that there is no runner 
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production at 17° C and 20° C in fall and winter, but there are 
differences among cultivars; some have lower optimum temperatures for 
runner production. In summary, temperatures affect the degree and 
duration of runner production. 
As mentioned before, everbearers are long-day plants, i.e. they 
require long photoperiods for the maintenance of flower production (15, 
16, 22, 23), more flower buds formed at seventeen-hour days than at 
fifteen-hours. Runner production is not affected by photoperiod or 
light intensity (22, 23), but the trend is to produce more on thirteen-
hour day than on any other photoperiod (23), although the base line for 
growth regarding the duration of light will vary with cultivars, 
temperature, light intensity, previous conditioning, etc. (16). 
Photoperiod in general has its greatest effect on the growth and 
annual cycle of plant development. For everbearing cultivars, light 
intensity is more important for they have been bred mostly in northern 
areas where days are longer and light is relatively intense . Higher 
light intensity increases flowering with long days . Everbearers grow 
poorly in winter when light intensity is poor, but they can show great 
variation in their response to intensity of light (15, 22 ) . 
Yields and size of fruit 
For several reasons, everbearing strawberries are cultivated in 
home gardens and are less adapted to commercial use . It is claimed 
their total fruit production is less than that for a short-day cultivar 
(47). But indeed , the crop production is spread over several months and 
the consequent long harvest period is what limits the i r commercial use, 
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requiring expensive hand labor for a long time. 
Fruit yields in strawberries is considered as composed of a number 
of factors, i.e. plant size, number of crowns, number of inflorescences 
per crown, number of berries per inflorescence and berry size among 
others (28) . 
Breeding behavior of the cultivated strawberry is complicated by 
its inter-specific origin, polyploidy and high heterozygosity. Fruit 
size is a quantitative character that segregates widely and is 
controlled by a number of genes with dominance for small size, 
inbreeding leading to a decline in fruit size (46). Breeders assume 
that genes for large fruit size have come from F. chiloensis. High 
yield is a more comp l ex trait than fruit size. The production of large 
numbers of berries and their production over a long period of time is 
associated with F. virginiana although not exclusively. F. virginiana 
glauca is a source of genes for both characteristics, high flower number 
and prolonged fruiting. The day-neutral trait, originated from the 
latter species, is a contributor to high yield when manipulated 
properly . These kinds of cultivars can become an important and valuable 
option in commercial fruit production (6). 
Everbearing strawberry cultivars differ greatly in their seasonal 
distribution of yield and size of fruit. Environmental factors, 
especially rainfall, have some effect on yield distribution. Rainfall 
tends to accentuate or lessen in degree the normal cycles of high and 
low production throughout the fruiting seasons, effects that can be 
attributed to an increase in size of individual berries (10) . 
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As will be reviewed in later section, cultural practices also 
influence considerably the yields of everbearing strawberries. 
Culture of Everbearing Strawberries 
Everbearer culture differs slightly from that of short-day 
cultivars. Relatively few reports are found in the literature concerned 
with the culture of everbearing strawberries, but a great deal is found 
on the climatic adaptability of most cultivars (29, 33). Cultivars may 
vary substantially in their response to different cultural systems and 
practices. This is why it is recommended to try new cultivars in 
different cultural regimes on a small scale before going to substantial 
acreage (29). 
Training systems 
Three training systems are commonly used with strawberries : 
• Hill system, where no runners are allowed to grow . 
• Spaced matted-row system, where some runners are allowed to 
grow and the rest are removed. 
• Matted-row system, where most runners are allowed to grow. 
The first two are recommended to be used when there is irrigation and 
intensive cultivation. The . latter is used when there is danger of white 
grubs, drought or severe winter, and also require less labor (11, 13, 
18, 33, 47). 
Everbearers are recommended to be planted in a hill system (13, 17, 
20, 33, 37) . Different spacings are used in this system and in others 
(29), but the most common spacing method is to plant three rows 30.5 em 
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(1 ft) apart with 30.5 em (1 ft) between the plants in a row. The 
runners are removed as they appear during the growing season (13, 20, 
33, 37). 
With this system, plants can get the necessary amount of light, 
water, nutrients, and have ideal space for each and every plant (56). 
Runner removal allows food manufactured in the leaves, to be stored in 
the crown for subsequent use in berry production (37). 
The matted-row system is used in most northern regions. Runners 
are allowed to set in all directions. Cultivation tends to straighten 
the runners into the rows and to limit the width of rows. Usually the 
spacing between rows is 107 to 122 em (3-1/2 to 4ft), but the spacing 
between plants in a row can vary from 30 . 5 em (12 in) to 76 em (30 in) 
(11, 13, 17, 20, 29, 33, 37, 47). 
Everbearing strawberries are frequently unproductive under Midwest 
conditions when this system is used, due to hot dry weather during 
summer, and crowded, small, weak, leggy plants that compete with each 
other for light, water and nutrients (19, 33, 56) . But because there is 
no runner placement (as in the spaced matted-row system) or runner 
removal (as in the hill system), and less weed-control work is required, 
the matted-row system is much less expensive (13). 
Mulching 
Cultural practices like runner and flower bud removal was discussed 
before. Summer mulching is another common practice for everbearers 
under the hill system. Mulches used are chopped corncobs, sawdust 
mulch, marsh hay or black polyethylene. Mulching protects the 
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plantation against plant losses caused by low temperatures. It also 
helps to keep down weeds, to keep the berries clean and to conserve 
moisture (13, 17, 19, 20, 33, 37, 47). These advantages are conducive 
to the production of higher yields and better quality of fruit. 
Fruit Quality Characteristics 
For the successful acceptance of new cultivars, quality is an 
important factor to be considered. Fruit quality must always be a major 
objective of strawberry breeding programs, but the breeder together with 
a food technologist, must have the expertise and analytical equipment to 
identify superior genotypes based on the many intangible characters that 
collectively constitute fruit quality (39). 
Quality for the strawberry fruit are those characteristics that 
determine the relative value of the fruit for its intended use. Such 
characteristics considered together, will determine the acceptability of 
the product to the buyer and ultimately to the consumer (2, 39). 
The quality of fresh and frozen products is affected by many field 
conditions during the growing and harvesting of strawberries. For 
example, rainfall, humidity, irrigation and time of harvest, influence 
firmness, soluble solids, moisture content and sugar content of the 
fruits (49). 
For effective quality evaluation, the selection of the attribute 
and the method of analysis has to be appropriately made (55). Many 
quality attributes can be measured objectively in physical terms, but 
this measurement has to be correlated with human response in order to 
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make a meaningful analysis. Some attributes can be evaluated only 
subjectively, with all the pitfalls involved (35, 39). 
Strawberries vary widely in characteristics such as enzymes, 
pigments, flavor, acids, sugars, size, shape and cell structure (48). A 
number of objective tests and methods of evaluating strawber~y cultivars 
have been enumerated (2, 35, 48, 49, 55). 
Color 
Color is an important concept in relation to the attractiveness and 
characterization of ~he strawberry fruit. Skin color is considered 
mainly for the dessert trade; but for processing, flesh or internal 
color is very important and it has to be bright and uniform throughout 
(38, 39). 
The Color Difference Meter (CDM) has been found to be reliable to 
determine the color of strawberries. The CDM 'a' value has been shown 
to be a good measure of redness; CDM 'L' values indicate lightness or 
darkness of the fruit. 
Arthey (2) and Sistrunk and Moore (48) have shown that color is a 
cultivar characteristic that is influenced by other factors. A delay in 
harvest increases the lightness or darkness of frozen strawberries. 
Maturity is affected only by the 'L' value, i.e. the greater maturity, 
the darker the fruit. They also found that differences between the 'L' 
and 'a' values of the fresh and thawed fruit, indicate the 
susceptibility of cultivars to pigment oxidation. Thawing frozen 
strawberries decreases redness and increases darkness of the fruit. It 
has been suggested that retention of color is influenced by ascorbic 
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acid content, but Lundergan and Moor (36) have shown that there is no 
correlation between these two charact eristics, and that color is less 
affected by environment than is asco~bic acid content. 
A bright red color is preferred over a pale or pink color. 
Strawberries that are dark and dull 1n color appear overripe; but 
lighter, brighter but not pale skin olor denote freshness. Many shades 
of red color are acceptable, provided they are bright (3 6, 39). 
Texture 
It is very difficult to define exture because there is no universal 
understanding of the terminology used (2, 3). Texture makes reference 
to the sensation of touch, that the response of the tactile 
senses to physical stimuli that s from contact between some part 
of the body and food (3). 
Different parameters of texture can be measured by mechanical 
instruments. For strawberries, two main parameters are being determined 
with the Instron Universal testing machine: flesh firmness and skin 
toughness (3, 41). These are related characters, essential for 
satisfactory handling, shipping and shelf life of strawberries. 
Firmness of the flesh is important in the retention of proper textural 
and drained weight characteristics (39). Skin toughness is a 
characteristic that helps in the resistance to microorganism penetration 
and shelf life of the fruits. Moore and Sistrunk (39) studied firmness 
components of strawberries, which include shearpress readings, drained 
weight, viscosity, percent water soluble pectin and percent cellulose, 
and they showed that changes in the last two components are related to 
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firmness and slice wholeness in frozen sliced strawberries. 
The berry structure of the strawberry is extremely fragile because 
of the large cells with very thin walls. Although it has only 10 per 
cent solid mater, it is a solid fruit. This structure accounts for the 
serious textural degradation which take place on canning and freezing. 
The fresh berry is firm, low in cohesiveness and releases juice at a 
moderate rate; as it matures it softens and become less crisp (2). 
Fruit firmness is highly heritable, and there are many genetic 
sources available for use in strawberry breeding programs (39). 
Extrinsic and intrinsic factors such as temperature, moisture 
content, stage of maturity, fruit size and culture have been observed to 
influence the firmness of strawberry fruits (41). 
Shape 
Shape is one of the outstanding characteristics of any fruit or 
vegetable and is often used to distinguish between cultivars. 
Although the major factors affecting shape and form are species and 
cultivar, many other factors may have an effect: maturity, defects, 
soil type, season, moisture stress, fertilization, nutrition, damage, 
etc. (2). 
Scott, Lawrence and Draper (45), have pictured the different shap~s 
that strawberries can have. They are: oblate, globose, globose-conic, 
conic, long conic, necked, long wedge and short wedge. 
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Soluble solids and acidity 
In determining flavor or sensory preference, it is important to 
consider the balance of soluble solids and acids in strawberry fruits. 
A proper balance produces a desirable level of "sweetness" and enhances 
other flavor components (2, 39). Green (27) has listed the sugar:acid 
ratios for several mature soft fruits. He found that for strawberries 
it was 5.3; the sugars being the major soluble component and organic 
acids being the second largest contributor to the soluble solids of· 
strawberries. 
Soluble solids appear to be one of the most reliable tests for 
measuring differences in strawberries, because they are very consistent 
among cultivars. Variations can occur mainly due to maturity, date of 
harvest and other field factors (39, 49). 
Soluble solids are important in manufacture of jelly, puree 
products and juice concentrate due to the natural sugar content that 
exists in strawberry fruits (49). 
The relationship of pH to pigment stability in strawberry products 
has been known for some time. High acidity retain flesh color in 
processed strawberries (39, 49). Total acidity and pH are affected by 
cultivar, maturity and harvest. Sistrunk and Moore (49) concluded that 
higher acidity is found in earlier harvests and in less mature fruits. 
Also, they found that during cool, wet harvest seasons, acidity was 
greater. 
Soluble solids and acidity are genetically controlled; high soluble 
solids content appears to be dominant, and low titratable acidity , 
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partially dominant (39). 
Sugars 
Another chemical characteristic which greatly influences flavor of 
strawberries is sugar content. Changes in the relative content of 
various sugars are important for taste and quality (25). Sweetness is a 
subjective sensory phenomenon and cannot be determined by chemical or 
instrumental means. Estimates of the relative sweetness of different 
substances is dependent on statistical treatment of data obtained 
subjectively by means of taste panels (24). Many taste panels have 
demonstrated that fructose is the sweetest of the common sugars, with a 
value as high as 180 and glucose values as low as 53 when compared to 
sucrose, arbitrarily assigned a value of 100. Relative sweetness of 
different sugars can vary with high sugar concentrations, presence of 
acids and salts, pH and temperature (24, 25). Total soluble solids 
determined with a refractometer, can give a good value for total sugars 
in different fruits. However, other factors have to be considered in a 
breeding program for quality improvement. Selection should be for lines 
with high, stable levels of fructose, because these lines will have a 
sweeter taste than cultivars with low or unstable levels of fructose, 
even if total sugar content is equal (24). 
Several techniques have been used to determine and characterize 
individual sugars. Sometimes, they are difficult and time-consuming. 
Recently, the High Performance Liquid Chromatography (HPLC) has been 
applied in many fields, allowing the rapid characterization of many 
nutritionally significant carbohydrates. Sugars like fructose, glucose, 
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sucrose, maltose and lactose can be completed in a short time using 
simple sample preparations. Analysis with the HPLC for individual 
sugars in fresh strawberries has been done by Hurst, Martin and Zoumas 
(31). The percentage of fructose, glucose and sucrose was found to be 
1.88, 1.62 and 0.88 respectively. In another study (43), the values for 
these sugars were found to be 2.59, 2 . 41 and 1.64. 
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MATERIALS AND METHODS 
Procedures 
A field trial was conducted during spring, summer and fall of 1982, 
to evaluate the performance and adaptation of 14 clones of everbearing 
strawberries under two different cultural regimes. The experiment was 
set at the Iowa State University Hort i culture Station, ten miles north 
of the city of Ames, Iowa. 
Four everbearing cultivars , four day-neutral cultivars and six 
selected lines were used . They were as follows: 
• Cv. 'Ozark Beauty' 
• Cv . 'Geneva' 
• Cv . 'Fort Laramie I 
• Cv . 'Ostara' 
• D.N . 'Tristar' 
• D.N . ' Tribute' 
• D.N . 'Hecker ' 
• D.N . 'Brighton' 
• Selection R-5-E 
• Selection 101-E 
• Select i on 33-E 
• Selection 111-E 
• Selection 78-309-E 
• Selection R-1-E 
'Ozark Beauty' was produced by a private breeder, J . B. Winn, of 
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West Fork, Arkansas. It was introduced in 1955. Berries are medium to 
large, medium flesh firmness and skin toughness, sweet and good 
flavored. Color of flesh is bright red. They have very good dessert 
quality and good processing quality for freezing. This cultivar is 
productive on mother plants, not on runner plants, during summer and 
fall. It is also a good runner plant maker. Plants may have 
variegation or June yellows which weakens them. Also, they are 
susceptible to red stele and Verticillium wilt, but resistant to leaf 
spot and leaf scorch (15, 26, 45). 
'Geneva' was originated in Geneva, New York, by George L. Slate and 
John Watson, from the New York State Agricultural Experiment Station. 
It was introduced in 1961. The fruit is large with dark red skin, 
attractive, with high flavor, but tender; superior in quality to the 
cultivar 'Gem'. Ripens in midseason with a lull period before 
recropping in · fall. Plants are productive; runner production is 
satisfactory under very good growing conditions when blossoms are 
removed; hill culture is preferred. It is recommended for home gardens 
and local use (8, 15). 
'Fort Laramie' was developed at the U.S . Department of Agriculture 
Horticultural Field Station at Cheyenne, Wyoming, by G. S. Howard and 
J . P. Hack. It was released in 1972 . The fruit is of good dessert 
quality, medium to large in size, bright scarlet-red in color, round-
conic in shape, quite aromatic, and with medium flesh and skin firmness. 
Plants are quite vigorous and very winter hardy. In general, is very 
resistant to diseases, but leaves are susceptible to mildew and roots to 
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red stele (26, 45). 
'Ostara' was raised at the Institute for Horticultural Plant 
Breeding, Wageningen, Holland. The plant is of moderate vigor and 
height, with a rather open and spreading habit. Flowers are small to 
medium in size, and saucer-shaped. Fruit is small to medium in size, 
conical, red and well-displayed. The flesh is orange, moderately firm 
and of moderate flavor (30). 
'Tristar' was originated in Beltsville, Maryland, by D.H. Scott and 
A.D. Draper in cooperation with Maryland Agricultural Experiment 
Station, and USDA. It was introduced in 1981. Plants are medium to 
small in size with adequate vigor. They are resistant to red stele root 
rot and powdery mildew, but partially resistant to Verticillium wilt and 
leaf scorch. Plants runner less freely than June-bearers, but more 
freely than standard everbearing cultivars. They bear a heavy, very 
early spring crop of small to medium size, symmetrical, short conic 
fruit, that ripens uniformly and has a firm flesh and skin. The skin 
color is glossy, deep red at maturity and the internal color is a solid 
medium deep red. The fruit flavor is good to excellent, sweet and 
aromatic. The fruit becomes quite small following bloom periods when 
the soil and air temperature are high. The summer crops cycle at about 
6 week intervals (1, 9). 
'Tribute' is a day-neutral originated together with 'Tristar', and 
introduced in 1981 by the USDA-Maryland breeding program. The plant 
size is medium, but quite vigorous. It is highly resistant to red stele 
root rot and the foliage is resistant to both powdery mildew and leaf 
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blight, but plants are only partially resistant to Verticillium wilt and 
leaf scorch. It ripens its heavy spring crop at midseason. The fruit 
shape varies from an irregular to a symmetrical short conic wedge with 
pronounced shoulders, and the size varies from medium to small, 
according to season. The skin color is glossy bright red, and flesh 
color is a solid medium red. Flavor is acidic but pleasant, and flesh 
and skin are quite firm. Ripening patterns are similar to 'Tristar', 
but the season is later (1, 9). 
'Hecker' and 'Brighton' are the original day-neutral cultivars 
produced by R.S. Bringhurst and V. Voth from the University of 
California, at Davis, Cal. These cultivars were released in 1979. 
Plants of each cultivar are small, particularly those of 'Hecker'. All 
runner well in summer plantings and nurseries. The runner plants 
produce flowers and fruit the same year as planted. 'Hecker', is 
resistant to Verticillium wilt, but 'Brighton' is less resistant. Fruit 
characteristics are not very different between the two cultivars, but 
'Hecker' is higher in ascorbic acid and 'Brighton' is a little lower in 
soluble solids. The skin colors are essentially the same dark reddish 
orange. The skin of 'Brighton' is particularly glossy (7). Large fruit 
size is found in 'Brighton', while 'Hecker' produces medium size berries 
(6). 
The selections used in this experiment were from the breeding 
program of Davids and Royston Bulb Co., a nursery located in Gardena, 
California, from which most of the clones were provided, with the 
exception of the cultivar 'Geneva' which was shipped from Hickin's Farm 
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& Greenhouse, Brattleboro, Vermont; and runner plants of 'Tristar' and 
'Tribute' that were dug up from the last year's everbearing trial at the 
ISU Horticulture Station. 
Two training systems were used in the field; the three-row system 
which consisted of experimental units or plots of 15 plants, 3 rows with 
5 plants each, and where all the runners were removed as they develop; 
and the one-row system, or matted-row, where only five plants were set, 
leaving all runners to develop naturally and thus, establishing daughter 
plants freely around the mother plant. 
Plants in the three-row system were hand set with a spacing of 30.5 
em (1 ft) between rows and between plants for each plot. In the matted-
row system, plants were also set at 30.5 em (1 ft) apart in only one 
row. The distance between center to center of each plot was 122 em (4 
ft). The actual area per plot was 1 . 86 m2 (20 ft 2 ) for both systems. A 
diagram of the three-row plan for the hill system is presented in the 
paper by Macha and Denisen (37) . 
A randomized block design with fourteen treatments (the clones) and 
three replications, was used for each training system. 
On April 29th, 1982, all strawberry clones were planted in their 
respective plots. The first eight weeks after planting, all fruit buds 
were removed in both systems, in order to establish vigorous plants . 
From then on, plants were permitted to bloom and set fruit. 
Runners in the three-row system were removed continually throughout 
the growing season; data of runners removed were taken once a week, 
starting on June 22 and continuing until September 21 (total of 14 
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weeks), when almost no runners were produced by any clones. In the 
matted-row system, runners were removed the first seven weeks and, from 
then on, they were allowed to grow and set daughter plants. 
The fruits were harvested twice a week starting on July 20 and 
ending on October 22, a total of 14 weeks. The weight and number of 
fruits were recorded for each plot, so the weekly and total yield, and 
average size of berries per clone could be determined. 
As additional cultural practices, two inches of corncob mulch were 
applied on the three-row system plots on July 7; weeds were controlled 
manually and with two applications of Tenoran herbicide; two 
applications of Sevin insecticide and two of Benlate fungicide were made 
in order to control leaf roller and leaf spot respectively. Overhead 
sprinkler irrigation was used when necessary throughout the season. 
During the course of the season, subjective determinations of vigor 
were made for each clone . Plant vigor was rated as low, adequate and 
excellent, based on their vegetative development and resistance to 
diseases. 
Observations on fruit quality were also made. During August and 
September, the strawberry fruits of some pickings were used to determine 
fruit shape, flesh firmness and skin toughness. Other strawberries were 
frozen in order to make further laboratory observations. Determinations 
were made on color, total soluble solids, pH and sugars content. 
In order to determine the shape of the fruits, comparison of 
several fruits of each clone was made with the chart of strawberry 
shapes found in the USDA Farmers' Bulletin No. 1043 (45). 
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For the determination of flesh firmness and skin toughness, the 
Instron Universal testing machine was used. This machine was set to 
give a strain rate, or probe speed of 5 em/min; a load range of lx, 
using a full scale of 1 kg; and chart speed of 20 em/min. A cylindrical 
probe with 0.79 em in diameter was used. Ten strawberry fruits per 
clone were probed through the side with the stem in a horizontal plane. 
For flesh firmness, the force used to depress the berries 0.2 em was 
calculated in gr/cm 2 • Skin toughness was calculated using the force 
needed to break the epidermis of the fruits (in gr/cm 2 ), force that was 
given by the height of the first peak shown in the graphs of the chart 
produced by the machine. 
Three replications were made for each one of the other quality 
characteristics. The frozen strawberries were thawed to room 
temperature and squeezed with a manual squeezer. A total of 80 ml of 
strawberry juice was collected and immediately, color measurements were 
made in order to avoid further changes in color due to oxidation. 
Color was measured using the HunterLab Tristimulus Colorimeter (or 
Color Difference Meter), model D25A-9. This machine was standardized 
using the red tile No. C20-1341 with values 'L'= 26 . 1, 'a'= 27.4 , and 
'b'= 12.3. A plastic container with an optical glass bottom was used 
for each sample . 
Total soluble solids were determined with an automatic temperature 
compensated hand Refractometer, model 10423. Rapid and accurate 
readings of total dissolved solids in the strawberry samples were 
recorded using one or two drops of the juice. The scale range of this 
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hand refractometer is 0 to 30 degrees Brix, but results will be given in 
percentage because both scales are generally equivalent. 
The pH of each sample was determined directly from the Corning 
pH/ion meter 135. 
In order ~o analyze the samples for content of fructose, glucose 
and sucrose, a Waters Associates high pressure liquid chromatograph was 
used, with a Waters amine column (4.6 mm x 30 em), and a differential 
refractometer R401. The solvent used was acetonitrile at 78 parts and 
water at 22 parts, plus 0.01% tetraethylene pentamine (TEPA). The flow 
rate was maintained at 4 ml/min, and the analysis time per sample was 
approximately 7 minutes. Each individual sugar was calculated in grams 
per hundred mililiters of juice, using the following formula: 
Amount of sugar in sample (~gr) I Amount of sample injected (~1/10) 
With the content values of fructose, glucose and sucrose, relative 
sweetness could be recorded according to Eisenberg (24). This value is 
calculated multiplying each sugar content by its corresponding mid-point 
of relative sweetness range suggested, i.e. sucrose = 100, fructose = 
140-175, and glucose= 60-75, and then totaling them for each sample. 
Statistical Analysis 
A randomized block design was used for the field experiments and 
for the laboratory determinations. The different clones served as 
treatments. Three blocks served as replications of the experiment in 
the field, and. three different harvests for the determinations of 
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quality characteristics in the laboratory, with the exception of flesh 
firmness and skin toughness, which had ten replications from two harvest 
times. 
Separate analyses of variance were computed for total runners 
removed; total fruit yield; average berry size; flesh firmness; skin 
toughness; color value 'a'; color value 'L'; total soluble solids; pH; 
fructose, glucose and sucrose content; and sweetness. 
The statistical model used for all these variables, except for 
sugars content and fruit size, was: 
where 
where 
Y(ij) = ~ + ~(i) + ~(j) + e(ij) 
~ = overall mean 
~(i) = treatment effect (clones) 
~(j) = block effect 
e(ij) = experimental error 
The model used for the analysis of sugar content was: 
Y(ijk) = ~ + ~(i) + ~(j) + l(k) + a~(ij) + e ( ijk) 
~ = overall mean 
~(i) = treatment effect (clones) 
~(j) = fructose, glucose and sucrose effect 
l(k) = block effect 
~~(ij) = interaction effect 
e(ijk) = experimental error 
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In order to analyze fruit size, a split plot design was used with 
the model: 
where 
Y(ijk) = ~ + a(i) + ~(j) + E(ij) + o(k) + ao(ik) 
+ 0 (ijk) 
~ = overall mean 
a(i) = main plot effect (clones) 
~(j) = block effect 
E (ij) = main plot error 
o(k) = system effect 
ao(ik) = clone by system interaction effect 
o(ijk) = subplot error 
The associated standard assumptions for each model are described in 
Snedecor and Cochran (51). 
The Appendix shows the ANOVA tables for each of the variables 
analyzed (Tables 7 through 13). 
Duncan's multiple range test was used to assess differences in the 
means. Orthogonal comparisons were also used to partition the sums of 
squares of the clones and block effects. Comparisons were tested using 
an F test with one degree of freedom. The diagram of Table 1 shows the 
different comparisons made among the clones. 
The first comparison was made on the basis that the selected lines 
would be better than the cultivars already used commercially. The 
selection R-I-E appears to be the most promising line among the 
selections . 
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TABLE 1. Diagram of comparisons made among clones 
Cultivars 
I 
Ever bearers 
I I I F. Laramie 
I 
I 
Rest 
Selections 
I 
R-1-E 
I 
Day-ne!trals 
'Tristar' 
'Tribute' 
I 
'Hecker' 
'Brighton' 
I 
I 
'Ostara' I Rest I , 1 I Tr1star I I I I Tribute 
I I I 
'Ozark Beauty' 'Geneva' 'Hecker''Brighton' I 
A comparison between the everbearing and the day-neutral cultivars 
was made based on two premises. First, the day-neutral cultivars are 
the newest in the market, released in 1979 and 1981, compared with the 
everbearers that have been used for some years; second, the day-neutral 
cultivars form a new trait that genetically distinguish them from the 
traditional everbearing cultivars. 
Among the cultivars, three comparisons were made. 'Fort Laramie' 
I 
I 
was compared with the other cultivars because it is the newest among the 
everbearers, it is winter hardy and has very vigorous and productive 
plants. 'Ostara' was compared with 'Ozark Beauty' and 'Geneva' because 
it is a cultivar bred in Holland, while the other two cultivars were 
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bred in the U.S. 
A comparison was made also between two sets of day-neutral 
cultivars originated by different breeding programs, in two different 
locations; the original day-neutral 'Hecker' and 'Brighton', bred in 
California, and 'Tristar' and 'Tribute' bred in Maryland and recently 
introduced. 
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RESULTS AND DISCUSSION 
Vegetative Performance 
For the evaluation of the vegetative performance in different 
clones, vigor of the plants and number of runners removed ~ere analyzed. 
Subjective determinations of vigor are presented in Table 2. 
TABLE 2. Vigor determinations per clone 
Clone June July October 
'Ozark Beauty' El ··E A 
'Geneva' E E A 
'Fort Laramie' E E E 
'Ostara' E E E 
'Tristar' A A L 
'Tribute I L L L 
'Hecker' E E L 
'Brighton' E A L 
R - 5 - E E E A 
101 - E A L L 
33 - E A A L 
111 - E A E A 
78 - 309 - E A A A 
R - 1 - E A E A 
1 E = excellent, A = adequate, L = low 
Most of the clones showed an excellent or adequate vigor during 
June and July, but by the end of the growing. season, it was reduced to 
average or low vigor. Cultivar 'Geneva' performed very well in June and 
July, but by the second half of the growing season, its vigor faded away 
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due mainly to susceptibility to diseases. The cultivars "Fort Laramie' 
and 'Ostara' were the only ones that presented an excellent vigor 
throughout the period. 'Tribute' plants showed low vigor from the 
beginning, perhaps because they did not tolerate the cold winter of 
1981, so the plants were very weak when they were planted in the new 
plots. 'Hecker' and 'Brighton' plants started very vigorously, but 
later showed low performance because of high susceptibility to leaf spot 
and leaf scorch. Most of the selections had an adequate vegetative 
performance up to the end of the season . Plants of the selection 101-E 
soon began to fade and eventually most of them died; it is very possible 
they had a root disease. 
Analysis of the total number of runners removed per clone in the 
three-row system (Table 3 and Fig. 1), shows there were highly 
significant differences among the clones (Table 7 of the Appendix). The 
average number of runners removed per plot varied from 2 in selection 
101-E and cultivar 'Tristar', to 109 in selection 111-E. 
The great variability shown among the clones couldn't be explained 
in great part by the particular set of contrasts specified (Table 7 of 
Appendix). This indicates that the runner production in the different 
clones of strawberries has very little to do with the particular group 
where they belong. Significance was only found between the following 
contrasts: cultivars versus selections , and cv. 'Ostara' versus cvs . 
'Ozark Beauty ' and 'Geneva'. 
Differences among c l ones for runner production probably is more 
related to the number of cycles which a clone had been propagated; 
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TABLE 3. Number of runners removed per clone 
Clone Runners Removed 1 
111-E 109. 1 a2 
R-5-E 64.3 b 
R-1-E 57 . 7 b 
'Brighton' 52.4 b 
'Ozark Beauty' 45 . 3 be 
'Geneva' 39.0 bed 
'Hecker' 34.4 be de 
'Fort Laramie' 34.3 be de 
33-E 32.3 be de 
78-309-E 13 . 0 cde 
'Ostara' 7 . 5 de 
'Tristar' 2.0 e 
101-E 2 . 0 e 
1 Data based on 15 plants, mean of 1 to 3 replications. 
2 Duncan's Multiple Range Test; values with the same letter 
are not significantly different at the .05 level. 
susceptibility to diseases; time of year and location where plants were 
dug up; amount of chilling that the plants received before being dug up; 
or due to a very different genetic constitution. 
Figures 2 and 3 show the actual pattern of runner production by 
weeks for the cultivars and selections in the three-row system. 
Cultivars 'Tristar' and 'Tribute' are not included because they had 
either one or no replications in this experiment. 
Most runners were produced during the first five to six weeks (June 
and July) in all the cultivars, declining in August and September with 
the exception of cultivar 'Ostara' which during all the growing months 
produced few runners. This fact confirm the findings of Waldo (53), who 
showed that most runners in everbearing cultivars are produced during 
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FIGURE 3. Selection runner production .-per. week 
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the longest days in summer. 
Most of the selection lines had a different pattern trend, showing 
a peak in runner production around the fifth week (second half of July) 
with selection R-1-E having the highest peak. The exceptions were 
selection 101-E that produced almost no runners throughout the season, 
and selection 33-E that behaved similar to the cultivars, producing most 
of the runners in June and July, but gradually decreasing and actually 
stopping by the end of August (lOth week). Selection 111-E differed 
from the rest of the clones in that it produced numerous runners in July 
and surprisingly in August, declining during September. 
It is important to mention the fact that each clone had a distinct 
runner production pattern with irregular cycles. Darrow (15) mentioned 
it before, runner production is extremely variable because of the many 
genes involved, the different degree of everbearing habit inherited and 
the different environmental conditions where the plants grow. 
Yield Performance and Fruit Size 
For the evaluation of yields, statistical analysis of the data was 
performed for the total weight of the strawberries per clone in the 
three-row and one-row systems (Table 4, Figures 4 and 5) . 
Highly significant yield differences were found among the clones in 
each cultural system (Table 8 of Appendix). Most of the variability is 
explained when comparing the selection R-1-E versus the rest of the 
selections, and the yields of the cultivars versus that of the 
selections. Also, highly significant differences were found when 
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TABLE 4. Yield production in kg. per clone in two cultural systems 
Clone Three-row System 1 One-row System 2 
'Fort Laramie' 5.86 aJ 2. 72 a 
R-1-E 5.37 ab 1.11 be 
'Ostara' 4.46 abc 1.55 b 
'Ozark Beauty' 4.38 abc 1.20 be 
'Tristar I 4.07 be 1.05 be 
'Geneva' 3.49 cd 1.14 be 
'Hecker' 3 . 26 cd 1.13 be 
33-E 2.30 de 0.68 cd 
78-309-E 2.10 de 0.78 cd 
'Brighton' 1.65 e 0.60 cd 
101-E 1.31 e 0.30 d 
111-E 1.13 e 0.20 d 
R-5-E 0.86 e 0.16 d 
'Tribute I 1.17 be 
1 Data based on 15 plants, mean of one to three replications. 
2 Data based on plants of a plot, mean of two to three replications. 
3 Duncan's Multiple Range Test; values wth the same letter are 
not significantly different at the .05 level. 
comparing the everbearers vs. the day-neutral cultivars, and cv. 'Fort 
Laramie' vs. the rest of the cultivars. Yield comparisons among the 
rest of the cultivars, i.e. 'Ozark Beauty', 'Geneva' and 'Ostara', were 
not significant. 
The cultivar 'Fort Laramie' produced the largest yields in both 
systems. With very little differences, the clone yields shown for both 
systems tend to decrease in the same clone order. There is no data for 
the cultivar 'Tribute' in the three-row system; however, it showed a 
fairly good yield in the matted-row. Although statistical analysis 
comparing the yields for both cultural systems was not performed, it is 
obvious that there are great differences in yields due mainly to the 
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fact that the three-row system had up to three times more plants than 
the one-row system. 
Most of the cultivars showed large yields, more than the selections 
with the exception of R-1-E that surprisingly was the second largest 
producer in the three-row system, although in the one-row system it 
didn't perform as well. Cultivar 'Ostara' produced good yields in both 
systems. It was the second largest producer in the one-row system, but 
not significantly different to six other cultivars. The yield of the 
day-neutral cultivar 'Brighton' was found not significantly different to 
the selections' yield in any of the two cultural systems . 
Cultivar and selection yields per week in the three-row system are 
shown in the graphs of Figure 6 and Figure 7 . 
High yields were produced in most of the cultivars and selection 
R-1-E, which in one week it reached almost 700 grs., as high as the 
cu1tivar 'Fort Laramie' . Cultivars 'Ostara' and 'Fort Laramie' produced 
great yields during the second half of the season, while the other 
cultivars were decreasing their production. 
As mentioned before for the runner production, and according to 
several authors (12, 14, 53), different cu1tivars may have different 
patterns of structural development, changing them as the season 
progresses. The production of strawberries is not continuous, there 
appears to be a break between peaks, which indicates a break in fruit 
bud differentiation. Some cultivars show a distinct pattern of high and 
low production cycles, while in others it is not so clear, producing 
just one peak and then declining steadi ly in their production. Except 
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for R-1-E, the selections produced fruit almost continually, without a 
clear cycling, and in small amounts. 
Early decreasing yields or poor yields may have been the result of 
poor vegetative performance, small plant size or strong disease attacks , 
as was observed in the cases of cvs. 'Brighton', 'Hecker', 'Geneva', and 
selection 101-E. Otherwise, if the plants were vigorous, produced a 
considerable amount of runners, were tolerant to diseases, but produced 
poor yields, the cause may have lied in the genetic makeup of the 
particular clones or the fact that they were not adapted to the specific 
environmental conditions found in Iowa. It was observed in this study 
that clones which originated in the midwest portion of the United 
States, i . e. 'Fort Laramie', or that have been cultivated for several 
years and in various regions, i.e. 'Ozark Beauty', were more adapted and 
performed better than clones developed in California, such as the 
selection lines, or those recently introduced that haven't been 
cultivated under Iowa conditions, such as the day-neutral cultivars. 
At least for the first year of production, the cultural regime that 
was most productive, was the three-row system. The main factors 
involved were: greater number of plants in production, runner removal 
and mulch application. These of course, required more labor. 
It is expected that the following year, yields of the clones in the 
matted-row system will increase, although it will depend on how many 
runner plants were established and if they tolerate well the cold 
temperatures of winter. Few or too many runner plants established will 
not give the increase in yields expected. In the case of too many 
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plants, competition for light, water and nutrients will produce plants 
with low vigor and reduced fruit production. 
If yields per plant are compared for the two cultural regimes, the 
cvs. 'Fort Laramie' and 'Ostara' can produce almost the same amount of 
fruit. Because 'Ostara' produced so few runner plants, it would be 
better to plant it in the hill system; it would not be practical to have 
it in a matted-row because yields per hectare may be low the first and 
following years compared with the yields that can be obtained using the 
hill system. Cultivar 'Fort Laramie' could be set in a matted-row 
system, because it produces relatively good yields during the first 
year, and it establishes a good number of daughter plants that will 
increase next year's production . 
Most of the clones seemed to perform well when spaced 30.5 em (1 
ft) appart in both systems. Due to their spreading vegetative habit, 
plants of 'Ostara' could be planted with more space between rows and 
plants. 
To determine the average size of the berries per clone, the total 
weight of the fruit was divided by the total number of strawberries 
produced. The results are presented in Table 5 and Figure 8. 
Mainly two components of yield influenced greatly the production or 
a large yield by the cultivar 'Fort Laramie'; they were, plant size and 
fruit size. The average fruit size for this cultivar was 7 . 4 grs., well 
above the size of the rest of the clones. Cultivar 'Ostara' and 
selections 101-E, 111-E and 78-309-E were considered to have a small 
fruit size, with less than 4.5 grs. per berry . The rest of the clones, 
47 
TABLE 5. Average fruit size in grams per clone 
Clone Average Size per berry 
in grams 1 
'Fort Laramie' 7.40 a2 
R-5-E 6.26 b 
'Geneva' 6.24 b 
33-E 5.90 b 
'Brighton I 5.72 b 
R-1-E 5.67 b 
'Ozark Beauty' 5 . 58 b 
'Tristar' 5.48 b 
'Hecker' 5.44 b 
'Ostara' 4.46 c 
101-E 4.10 cd 
111-E 3.81 cd 
78-109-E 3.54 d 
1 Data based on 4 to 6 observations for each mean. 
2 Duncan's Multiple Range Test; values with the same letter 
are not significantly different at the .OS level. 
except for 'Fort Laramie' were considered to be of medium size. 
The statistical analysis showed highly significant differences 
among clones (Table 9 of Appendix). Part of the difference can be 
explained when comparing the average sizes of the cv. 'Fort Laramie' vs. 
the rest of the cultivars; the average sizes of the cultivars vs. the 
selections; cv. 'Ostara' vs. 'Ozark Beauty' and 'Geneva'; and selection 
R-1-E vs. the rest of the selections. 
The statistical model used to analyze the average fruit size, 
showed no systems effect and no interaction of clones by systems, 
indicating that the size of the berries in the three-row system was not 
significantly different from the size of the berries in the matted-row, 
TRAINING SYSTEM: 1 One-row system 3 Three-row system 
CLONES: 1. 'O.Beauty' 4. 'F. Laramie' 8. 'Hecker' 12. 33-E 
2. R-5-E 5. 'Ostara' 9. 'Brighton' 13. ll1-E 
3. 'Geneva' 6. 'Tristar' 10. 101-E 14. 78-309-E 
15. R-1-E 
rLONf 
FIGURE 8. Average fruit size in grams per clone in two cultural systems 
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within the same clone . 
Fruit Quality Characteristics 
For the evaluation of fruit quality characteristics for the 
different clones, texture (flesh firmness and skin toughness), color 
(values 'a' and 'L'), total solub l e solids, pH and sugar content were 
analyzed; fruit shape was also determined. Means for each 
characteristic are presented in Table 6. Highly significant differences 
were found in all of them (Tables 10 to 13 of the Appendix). 
Charts for flesh firmness and skin toughness of the different 
clones are presented in Figures 9 and 10 . 
Day-neutrals 'Tristar' and 'Tribute' showed the highest values for 
flesh firmness and skin toughness. Cultivars 'Hecker' and 'Brighton' 
also had high values. These quality characteristics are so distinctive 
in the day-neutral cultivars that a contrast of these versus the texture 
of the everbearers, explained almost 2/3 of the variability among the 
clones (Table 10 of the Appendix). 
For flesh firmness, contrasts between 'Tristar' and 'Tribute' 
versus 'Hecker' and 'Brighton', and 'Fort Laramie' vs. the rest of the 
cultivars, also gave highly significant F values. Consequently, the 
day-neutral cultivars have a great advantage over the rest of the 
clones . They can be more easily harvested, handled and shipped; they 
can have more resistance to fruit rot diseases; will maintain better 
structure and wholeness when frozen and when used to make preserves; and 
will keep well as fresh fruit for a longer time after harvest . 
so 
TABLE 6. Fruit quality characteristics per clone 1 
Clone Fruit Texture (gr/cm 2 ) 
Shape Flesh Skin 
Firmness Toughness 
'Ozark Beauty' irregular 252.2 efg 2 173.0 cd 
R-5-E long-wedge 286.1 defg 184.5 c 
'Geneva' globose-conic 283.3 defg 162.5 cd 
'Fort Laramie' globose to conic 375.5 bed 187.0 c 
'Ostara' conic 232.2 fg 131.0 d 
'Tristar' globose-conic 565.2 a 304.5 a 
'Tribute' globose-oblate 455.8 b 288.5 ab 
'Hecker' short wedge 391.8 be 279.5 ab 
'Brighton' short wedge 341.7 cde 270.0 ab 
101-E sh.w. to conic 439.3 b 248.0 b 
33-E globose-conie 281.2 defg 144.0 cd 
111-E globose to conic 205 . 9 g 144.0 cd 
78-109-E oblate 239 . 0 fg 150 . 0 cd 
R-1-E globose-conic 322.5 cdef 183.0 c 
1 Data based on three and ten replications for each mean. 
2 Duncan's Multiple Range Test; values with the same letter 
are not significantly different at the . OS level . 
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Color Total Soluble pH Sugars 
'a' 'L' Solids (%) (gr/100 ml) 
13.95 abed 9.66 bed 7. 77 be 3.64 b 1. 63 be 
12.78 d 10.89 b 6.67 c 3.78 a 1. 24 c 
14.73 abc 11. OS b 7.80 be 3.61 b 1.72 be 
14.80 abc 10.27 be 6.87 c 3.48 cd 1. 61 be 
13.88 abed 8.95 cd 7.33 be 3 . 42 def 1.57 be 
12.81 d 7.05 e 6. 77 c 3.32 gh 1.44 c 
15.47 a 9.94 bed 6.53 c 3 . 28 h 1. 28 e 
13.28 cd 9 . 61 bed 6 . 97 e 3.46 cde 1. 37 e 
13.68 bed 10 . 89 b 6.83 c 3.48 cd 1. 30 e 
13.66 bed 10.43 be 8 . 33 b 3 . 29 h 1. 69 be 
12.93 d 8.14 de 7.53 be 3.38 efg 1. 62 be 
12.72 d 10.08 be 9.57 a 3.51 e 2 . 00 ab 
13.23 ed 10.29 be 10.13 a 3.37 fg 2.17 a 
15.33 ab 13.03 a 7.53 be 3.39 efg 1.59 be 
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Another advantage is that they constitute a potential genetic 
source available for breeding programs, to improve the texture of future 
strawberry selections. 
Considering the attractiveness of the strawberries, color is a very 
important quality characteristic. The charts showing color value 'a' 
(redness) and color value 'L' (lightness or darkness) per clone are 
found in Figure 11. 
Cultivar 'Tribute' showed the reddest color with a dark shade, but 
selection R-1-E appears to be more attractive, having a very red color 
but also being very bright. The rest of the selections have a pale red 
or pink color with a darker shade. 
The differences among clones for these color values are highly 
significant (Table 11 of Appendix). These differences were due mostly 
to selection R-1-E as mentioned before, having a very different red 
color. Another important difference in both color 'a' value and color 
'L' value, was found when comparing the day-neutral 'Tristar' versus 
'Tribute'. 
To have an idea of the flavor of the different clones, the analysis 
of the data for total soluble solids and pH determined that for this 
first characteristic, the selection lines were highly different from the 
cultivars, especially the day-neutral cultivars (Table 12 of Appendix 
and Fig. 12). While most of the selections showed high amounts of 
soluble solids, the day-neutrals and 'Fort Laramie' presented low 
amounts. 
Total soluble solids of these selections can be exploited 
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CLONES: 
1. 'O .Beauty' 6 . 'Tristar' 10. 101-E 
2. R-5-E 7. 'Tribute' 12. 33-E 
~. 'Geneva' 8. 'Hecker' 13. ll1-E 
4. 'F .Laramie' 9. 'Brighton' 14. 78-309-E 
5. 'Ostara' 15. R-1-E 
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FIGURE 9. Flesh firmness per clone in grams / cm 2 
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CLONES: 
1. 'O.Beauty' 6. 'Tristar' 10. 101-E 
2. R-5-E 7. 'Tribute' 12. 33-E 
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CLONES: 
1. 'O.Beauty' 6 .. 'Tristar' 
2. R-5-E 7. 'Tribute' 
3. 'Geneva' 8. 'Hecker' 
4. 'F.Laramie' 9. 'Brighton' 
5. 'Ostara' 
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FIGURE 11. Color values a and L per clone 
10. 101-E 
12. 33-E 
13. 111-E 
14. 78-309-E 
15. R-1-E 
9 10 12 13 1 ~ 15 
9 10 12 13 1 ~ 15 
56 
genetically by using them in further breeding programs to improve 
sweetness if necessary. 
The statistical analysis for pH values (Table 12 of Appendix), 
shows highly significant differences among clones. It is particularly 
important tq mention the contrast made between the pH values of the 
everbearers vs. the day-neutral cultivars, the latter being more acid 
(especially 'Tristar' and 'Tribute') . Cultivar 'Ostara' contributes 
also to some extent to the highly significant differences, when compared 
with the cultivars 'Ozark Beauty' and 'Geneva' presenting lower va l ues 
of pH. 
To get a better objective measurement - of flavor, a more precise 
test for acidity would have to be performed in order to obtain the ratio 
sugar : acid. This would give a better idea of the balance between total 
solub l e solids and the acid constituents of the strawberries. 
Sugars are the major component of the total soluble solids 
parameter . They greatly influence the flavor of strawberries . In Table 
6, the Duncan's range test for total soluble solids and for sugars show 
similar differences among clones. This means that the selections 
presented the highest values of sugar content, when compared to the day-
neutral cultivars. The statistical analysis for the sugar content shows 
highly significant differences, not only for the clones, but for the 
three sugars analyzed : fructose, glucose and sucrose (Table 13 of 
Appendix, and Fig. 13). Fructose and glucose exist in greater amounts 
than sucrose: 2.25, 2 . 18 and 0.36 gr/100 ml respectively . These are 
the mean values over all the clones. There was no s i gnificant 
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2 . R-5-E 7. 'Tribute' 12. 33-E 
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FIGURE 12. Total soluble solids in percentage and pH values per clone 
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interaction between the clones and the sugars. That is, among the 
clones, the three sugars appear consistently in similar proportions. 
Literature reviewed (31, 43) present sucrose values higher than the 
values obtained in this study, while glucose and fructose values are in 
the same range. There is the possibility that the quality of the sugars 
changed over time when they are frozen and then thawed, as was done in 
the laboratory. 
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SUGARS: C:XX) Fructose- Glucose ~ Sucrose 
CLONES: 
1. 'O.Beauty' 6. 'Tristar' 10. 101-E 
2. R-5-E 7. 'Tribute' 12. 33-E 
3. 'Geneva' 8 . 'Hecker' 13. 1ll-E 
4. 'F.Lararnie' 9. 'Brighton' 14. 78-309-E 
5. 'Ostara' 15. R-1-E 
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SUMMARY 
Before making any conclusions, there are some qualifications that 
have to be considered. 
• The data presented were only for the first year of planting . 
To be able to make more reliable conclusions, at least 2 years 
of data have to be collected and analyzed, particularly when 
comparing the two cultural systems used in this study. 
• It has long been recognized that strawberry yields and other 
characteristics vary from place to place and from year to year, 
due mainly to soil and weather conditions. Therefore, it has 
to be considered that the data presented here were for the year 
of 1982 and for the specific soil type of the ISU Horticulture 
Station, Ames, Iowa. The interpretation of the trial results 
is often difficult, unless trials are conducted for several 
years and in a range of locations. 
Giving these qualifications, tentative conclusions can be offered. 
The cultivar 'Fort Laramie' performed consistently well in all 
quality characteristics, in yields, and in its vegetative growth, making 
it suitable to be planted in both cultural systems and under Iowa 
conditions. 
Established cultivars did better than the new day-neutral 
cultivars, although more control of diseases on the day-neutral could 
definitely improve their performance. 
Among the selection lines, R-1-E performed outstandingly in yields 
and runner production. The rest of the selections showed poor yields, 
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although in many instances they had better quality characteristics than 
the cultivars. 
In order to do a better analysis of the performance and adaptation 
of different clones, it is suggested to use runner plants already 
established in the field. 
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TABLE 7. Analysis of variance of total runners removed 
Source of Variation df ss F Pr>F 
Total 1 35 35508 . 19 
Replications 2 1113 . 92 1. 83 0.1851 
Clones 12 27844 .40 7 . 62 0.0001 
Cvs. vs Selections 1 1651.22 5 . 28 0.0319 
Ever. vs Day-N. 1 0 . 04 0 . 00 0.9909 
R-1-E vs Rest Sel. 1 117 . 30 0 . 38 0 . 5467 
'F.Lar. ' vs Rest cvs. 1 39 . 52 0 . 13 0 . 7257 
'Ostara I 'Oz . ' & 'Gen. ' 1 1965 . 34 6 . 29 0 . 0204 vs 
'Ozark' vs 'Geneva' 1 60 . 17 0 . 19 0.6653 
'Tris. ' 'Heck' & 'Bri.' 1 1107 . 74 3 . 54 0 . 0737 vs 
'Hecker' vs 'Brighton' 1 486 . 00 1.56 0.2261 
Experimental error 21 6391.25 
1 Degrees of freedom reduced from 38 to 35 due to missing data. 
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TABLE 8. Analyses of variance for total yields in two cultural systems 
Source of Variation df ss F Pr>F 
Three-row System 
Total 1 35 108 . 81 
Replications 2 0.98 0 . 84 0.4450 
Clones 12 95.09 13.56 0.0001 
Cvs. vs Selections 1 23.79 40.70 0.0001 
Ever. vs Day-N. 1 8 . 01 13.71 0.0013 
R-1-E vs Rest Sel. 1 36.60 62.62 0.0001 
'F.Lar.' vs Rest cvs. 1 6.78 11.60 0 . 0027 
'Ostara' vs 'Oz.' & 'Gen.' 1 0.31 0.53 0 . 4735 
'Ozark' vs 'Geneva' 1 1.18 2 . 02 0.1699 
'Tris.' vs 'Heck' & 'Bri.' 1 2.39 4.10 0 . 0559 
'Hecker' 'Brighton I 1 3.88 6.63 0.0176 vs 
Experimental error 21 12 . 27 
One-row System 
Total 2 39 19 . 56 
Replications 2 0.15 0 . 53 0.5956 
Clones 13 16.00 8.69 0.0001 
Cvs. vs Selections 1 5 . 61 39 . 65 0.0001 
Ever. vs Day-N. 1 2 . 66 18.81 0.0002 
R-1-E vs Rest Sel. 1 0.87 6.17 0.0204 
'F . Lar.' vs Rest cvs. 1 4.52 31.91 0.0001 
'Ostara' 'Oz. I & 'Gen.' 1 0 .28 2.01 0.1689 vs 
'Ozark' vs 'Geneva' 1 0.005 0.04 0.8502 
'Tri' & 'Tri' vs 'Heck' & 'Br' 1 0 . 18 1. 28 0.2697 
'Tristar' vs 'Tribute' 1 0 . 02 0.18 0 . 6791 
'Hecker' vs 'Brighton' 1 0.41 2.90 0. 1015 
Experimental error 24 3.40 
1 Degrees of freedom reduced from 38 to 35 due to missing data. 
2 Degrees of freedom reduced from 41 to 39 due to missing data. 
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TABLE 9. Analysis of variance for fruit size in two cultural systems 
Source of Variation df ss F Pr>F 
Total 1 71 98.42 
Main plots 
Replications 2 1. 00 1.40 0.2660 
Clones 12 76.82 17.91 0.0001 
Cvs . vs Selections 1 10.32 47.93 0.0001 
Ever. vs Day-N. 1 1. 47 6 . 82 0.0167 
R-1-E vs Rest Sel. 1 3 . 87 17.98 0.0004 
'F.Lar . I vs Rest cvs. 1 17 . 11 79.45 0 . 0001 
'Ostara' 'Oz. I & 'Gen. I 1 6.65 30.90 0 . 0001 vs 
'Ozark' vs 'Geneva' 1 1. 29 6.01 0 . 0236 
'Tris .' 'Heck' & 'Bri. I 1 0 . 24 1.13 0.2994 vs 
'Hecker' 'Brighton I 1 0.24 1.11 0 . 3039 vs 
Main plot error 24 8.58 1. 66 0 . 1266 
Subplots 
Systems 1 0 . 36 1. 67 0. 2113 
C lones '>'<systems 12 3 . 13 1. 21 0 . 3409 
Subplot error 20 4 . 30 0 . 215 
1 Degrees of freedom reduced from 77 to 71 due to missing data. 
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TABLE 10. Analyses of variance for flesh firmness and skin toughness 
Source of Variation df ss 1 F Pr>F 
Flesh Firmness 
Total 139 2539.02 
Replications 9 104 . 00 1. 24 0.2750 
Clones 13 1347.72 11. 16 0.0001 
Cvs. vs Selections 1 151.83 16 . 34 0 . 0001 
Ever. vs Day-N. 1 467.11 50.26 0.0001 
R-1-E vs Rest Sel. 1 8.64 0 . 93 0.3369 
'F.Lar.' vs Rest cvs. 1 107.28 11.54 0.0009 
'Ostara' vs 'Oz.' & 'Gen.' 1 8.43 0 . 91 0 . 3430 
'Ozark' vs 'Geneva' 1 4.84 0.52 0 . 4721 
'T' & 'T' vs 'H' & 'B' 1 206.64 22.24 0 . 0001 
'Tristar' vs 'Tribute' 1 59.84 6 . 44 0 . 0125 
'Hecker' vs 'Brighton' 1 12 . 55 1.35 0.2476 
Experimental error 117 1087.30 
Skin Toughness 
Total 139 771.37 
Replications 9 32 . 76 1. 68 0 . 1015 
Clones 13 484.68 17.18 0 . 0001 
Cvs. vs Selections 1 82 . 04 37 . 80 0.0001 
Ever. vs Day-N. 1 298 . 90 137 . 72 0 . 0001 
R-1-E vs Rest Sel. 1 0.66 0 . 30 0.5824 
'F . Lar . ' vs Rest cvs. 1 7 . 44 3 .43 0.0666 
'Ostara' vs 'Oz . ' & 'Gen.' 1 9 . 00 4.15 0.0439 
'Ozark' vs 'Geneva' 1 0 . 55 0 . 25 0.6152 
'Tri' & 'Tri' 'Heck' & 'Br I 1 4 . 73 2.18 0 . 1425 vs 
'Tristar' vs 'Tribute' 1 1.28 0 . 59 0.4441 
'Hecker' vs 'Brighton' 1 0 . 45 0 . 21 0.6493 
Experimental error 117 253 . 93 
1 Expressed in units of thousands. 
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TABLE 11. Analyses of variance for color values a and 1 
Source of Variation df ss F Pr>F 
Color Value 'a' 
Total 41 139.58 
Replications 2 83.01 49.43 0.0001 
Clones 13 34.74 3.18 0.0058 
Cvs. vs Selections 1 4 . 13 4. 91 0.0356 
Ever. vs Day-N. 1 1.71 2.03 0.1659 
R-1-E vs Rest Sel. 1 12.81 15.26 0 . 0006 
'F .Lar . ' vs Rest cvs. 1 0.85 1. 01 0.3246 
'Ostara' vs 'oz.' & 'Gen.' 1 0.42 0.50 0 . 4841 
'o~ark' vs 'Geneva' 1 0.91 1.09 0 . 3068 
'T' & 'T' vs 'H' & 'B I 1 1. 29 1.54 0 . 2256 
'Tristar I 'Tribute' 1 10.59 12.61 0.0015 vs 
'Hecker' vs 'Brighton' 1 0.24 0.29 0 . 5944 
Experimental error 26 21.83 
Color Value 'L' 
Total 41 215.23 
Replications 2 112.62 57.41 0 . 0001 
Clones 13 77.12 6.05 0.0001 
Cvs. vs Selections 1 6.51 6.64 0 . 0160 
Ever . vs Day-N. 1 2.25 2.30 0.1418 
R-1-E vs Rest Sel. 1 23.45 23.91 0 . 0001 
'F.Lar.' vs Rest cvs. 1 0.33 0.34 0 . 5654 · 
'Ostara' 'Oz. I & 'Gen.' 1 3. 94 4.02 0 . 0556 vs 
'Ozark' vs 'Geneva' 1 2. 91 2.97 0.0967 
'Tri' & 'Tri' vs 'Heck' & 'Br' 1 9.20 9 . 39 0.0050 
'Tristar' vs 'Tribute' 1 12.50 12 . 74 0.0014 
'Hecker' 'Brighton I 1 2.47 2.52 0.1246 vs 
Experimental error 26 25.50 
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TABLE 12. Analyses of variance for total soluble solids and pH 
Source of Variation df ss F Pr>F 
Total Soluble Solids 
Total 41 77.36 
Replications 2 19.57 20.85 0.0001 
Clones 13 45.59 7.47 0.0001 
Cvs. vs Selections 1 14.47 30.84 0.0001 
Ever. vs Day-N. 1 2 . 67 5.68 0.0247 
R-1-E vs Rest Sel. 1 2.08 4 . 44 0.0448 
'F.Lar. I vs Rest cvs. 1 1.32 2.82 0.1052 
'Ostara' vs 'Oz.' & 'Gen. I 1 0.40 0.86 0.3614 
'Ozark' vs 'Geneva' 1 0.00 0.00 0 . 9529 
'T' & 'T' vs 'H' & 'B' 1 0.19 0 . 40 0.5328 
'Tristar' vs 'Tribute' 1 0.08 0 . 17 0 . 6800 
'Hecker I 'Brighton' 1 0.03 0 . 06 0 . 8134 vs 
Experimental error 26 12.20 
pH 
Total 41 0.95 
Replications 2 0.11 30.20 0.0001 
Clones 13 0.79 34.35 0.0001 
Cvs. vs Selections 1 0.00 0.16 0.6910 
Ever. vs Day-N. 1 0.14 79.85 0.0001 
R-1-E vs Rest Sel. 1 0 . 01 4 . 00 0.0561 
'F.Lar.' vs Rest cvs . 1 0 . 01 6 . 35 0.0182 
'Ostara' vs 'Oz. I & 'Gen.' 1 0.08 44.93 0.0001 
'Ozark' vs 'Geneva' 1 0.00 0.79 0.3808 
'Tri' & 'Tri' 'Heck' & 'Br I 1 0 . 08 46 . 68 0 . 0001 vs 
'Tristar' vs 'Tribute' 1 0 . 00 0 . 87 0.3607 
'Hecker' vs 'Brighton' 1 0.00 0.40 0.5342 
Experimental error 26 0.05 
75 
TABLE 13. Analysis of variance for sugar content 
Source of Variation df ss F Pr>F 
Total 125 140.41 
Replications 2 17. 15 47 . 42 0.0001 
Clones 13 8.18 3 . 48 0 . 0003 
Cvs. vs Selections 1 1. 61 8.92 0.0037 
Ever. vs Day-N. 1 1. 47 8.12 0.0055 
R-1-E vs Rest Sel. 1 0.18 1. 00 0 . 3214 
'F.Lar.' vs Rest cvs. 1 0.00 0.03 0 . 8686 
'Ostara' vs 'Oz . ' & 'Gen.' 1 0.06 0.36 0.5527 
'Ozark' vs 'Geneva' 1 0 . 03 0.17 0.6834 
'T' & 'T' vs ' H' & 'B I 1 0.00 0.02 0 . 8850 
'Tristar' vs 'Tribute' 1 0.11 0.61 0.4361 
'Hecker' vs 'Brighton' 1 0.02 0 . 11 0.7467 
Sugars 2 94 . 89 262.41 0 . 0001 
Clones*sugars 26 5.37 1.14 0.3170 
Experimental error 82 14.83 
